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FOREWORD 


In  conducting  the  research  described  in  this  report,  the  investigators  adhered 
to  the  "Guide  for  the  Care  and  Uses  of  Laboratory  Animals,"  prepared  by  the 
Committee  on  Care  and  Use  of  Laboratory  Animals  of  the  Institute  of  Laboratory 
Animal  Resources,  National  Research  Council  (DHEW  Publication  No.  (NIH)  78-23, 
Revised  1978). 


INTRODUCTION 


The  objectives  of  this  study  were  to  examine  two  dye  compounds;  I.e., 

C.I.  Solvent  Yellow  33  and  a  C.I.  Solvent  Green  3/C. I.  Solvent  Yellow  33  dye 
mixture,  for  carcinogenic  activity  In  the  strain  A  mouse  lung  tumor  bioassay. 
Both  dyes  are  Incorporated  Into  colored  smoke  grenades  and,  during  the 
manufacture  of  these  munitions,  workers  are  exposed  to  the  compounds  via  the 
dermal  and  Inhalation  routes.  Both  dyes  are  Insoluble  in  water  and  there  is  no 
Information  on  the  metabolism  of  the  compounds.  The  strain  A  mouse  lung  tumor 
bioassay  was  chosen  to  evaluate  the  potential  carcinogenic  activity  of  the  dyes 
since  the  standard  route  of  administration  for  this  bioassay,  Intraperltoneal , 
may  allow  a  greater  amount  of  the  dyes  to  reach  the  target  organ  (1). 

The  green  and  yellow  smoke  munitions  both  contain  42  percent  by  weight  of 
the  dyes.  The  green  smoke  munition  contains  29.5  percent  C.I.  Solvent  Green  3 
and  12.5  percent  C.I.  Solvent  Yellow  33.  The  yellow  smoke  munition  contains  42 
percent  C.I.  Solvent  Yellow  33  (2).  Worker  exposure  would  be  to  the  C.I. 
Solvent  Yellow  33  or  the  C.I.  Solvent  Green  3/C. I.  Solvent  Yellow  33  mixture. 

The  yellow  dye  Is  2-(2-qu1nolyl)-l,3-1ndand1one  and  synonyms  are: 

C.I.  Solvent  Yellow  33 
C.I.  Np.  47000 
D&C  Yellow  No.  11 

The  FDA  allows  the  use  of  the  Insoluble  dye  In  externally  applied  drugs.  The 
batch  must  be  not  less  than  96  percent  pure  dye  and  contain  not  more  than  0.3 
percent  phthalic  acid  and  0.2  percent  quinaldine.  The  C.I.  Solvent  Yellow  33 
dye  has  been  tested  for  purity  by  high-pressure  liquid  chromatography  (2)  (see 
Table  1).  The  dye  tested  for  purity  was  used  In  the  animal  studies. 

Experimental  animal  studies  with  C.I.  Solvent  Yellow  33  have  used  the  oral 
and  dermal  routes  of  administration.  The  acute  oral  LD50  for  adult  male  albino 
rats  was  reported  to  be  greater  than  10  g/kg  and  no  toxic  signs  were  observed. 
In  a  six-week  range  finding  study  In  rats,  the  dye  was  fed  at  dietary  levels  of 
0.1,  0.23,  0.55,  1.29  and  3.0  percent.  A  definite  toxic  effect  was  noted  at 
the  highest  (3%)  level  and  consisted  of  growth  suppression.  Increased  liver/ 
body  weight  ratios  and  histologic  alterations  In  the  spleen,  liver,  kidney, 
thyroid,  and  bone  marrow.  At  the  four  lower  dietary  levels  body  weight  gains 
for  the  test  animals  were  lower  than  those  for  the  controls  and,  at  the  0.55 
and  1.29  percent  levels,  liver/body  weight  ratios  were  higher  than  the 
controls.  Histologic  alterations  similar  to,  but  less  severe  than  those  seen 
In  the  organs  of  animals  receiving  3.0  percent  In  the  diet,  were  also  observed 
In  some  of  the  animals  at  each  of  the  four  lower  levels. 

In  a  one  year  study,  C.I.  Solvent  Yellow  33  was  fed  to  male  and  female 
albino  rats  at  dietary  levels  of  0.03,  0.1,  0.3  and  1.0  percent.  Growth 
suppression  was  noted  In  the  males  at  all  levels,  but  only  In  the  1.0  percent 
female  group.  A  yellow  or  yellow-green  coloration  of  the  kidneys  and  livers 
was  noted  In  animals  at  all  levels.  Morphologic  alterations  were  present  In 
the  liver,  spleen  and  kidneys  of  animals  receiving  1.0  percent  dye.  Pigment 
deposition  was  also  present  In  the  livers  and  kidneys  of  rats  given  the  lower 
dietary  levels,  but  there  was  no  associated  cellular  damage.  Applications  of 


Table  1.  Impurities  in  C.I.  Solvent  Yellow  33  Dye 


Weight  X 
(mean  SD)^ 

Phthallc  anhydride  and/or  Phthallc  acid  <1.8 +  0.1 

Quinaldine  <0.4 

Impurity  A  2.2  +  0.1*^ 


*  n  =  5 

^  area  of  A  ■»  area  of  C.I.  Solvent  Yellow  33 


the  dye  In  both  hydrophilic  ointment  and  white  petrolatum  bases  at  0.1  and  1.0 
percent  to  rabbit  abdominal  skin  produced  no  adverse  effects  following  15 
(abraded  skin)  or  65  (Intact  skin)  repeated  exposures. 

The  green  dye  used  In  the  green/yellow  dye  mixture  Is  l,4-d1-p-toluid1no- 
anthraqulnone  (CAS  128-80-3;  l,4-b1s-[4-(methylphenyl)-amino]-9,10-anthracene- 
dlone.  Synonyms  are: 

C.I.  Solvent  Green  3 

C.I.  61565 

D&C  Green  No.  6 

The  FDA  limits  the  use  of  this  color  for  dyeing  surgical  sutures.  The 
toxicity,  sensitization  or  carcinogenic  properties  of  this  dye  are  not  known. 

The  FDA  requires  that  lifetime  feeding  studies  be  conducted  with  the  dye  and 
the  closing  date  for  submission  of  the  results  was  January,  1981.  In  an  April 
1982  Federal  Register  announcement,  the  dye  was  listed  for  external  use  In 
surgical  sutures.  The  C.I.  Solvent  Green  3/C. I.  Solvent  Yellow  33  dye  mixture 
has  been  tested  for  purity  by  high-pressure  liquid  chromatography  (2)  (See  Table 
2).  The  dye  mixture  tested  for  purity  was  used  In  the  animal  studies. 


MATERIALS  AND  METHODS 


Animals.  Six-to-elght  week-old  male  and  female  mice  were  used  in  the 
bioassays.  They  were  obtained  from  our  breeding  colony,  derived  from  A/J  mice 
purchased  from  the  Jackson  Laboratories,  Bar  Harbor,  Maine.  The  mice  were  kept 
on  corn  cob  bedding  In  temperature  (22*C)  and  humidity  (50%)  controlled  rooms 
with  a  12-hr  llght/dark  cycle.  Certified  Purina  laboratory  chow  and  water  were 
provided  ad  libitum. 

The  health  status  of  the  breeding  colony  and  the  mice  used  In  the 
bioassays  was  examined  on  a  yearly  basis  by:  (a)  complete  gross  necropsy, 
tabulating  gross  lesions,  and  general  condition  and  body  weight  of  each  animal; 

(b)  histopathological  evaluation  of  formalin  fixed  tissues  Involving  all  organs 
listed  In  Table  1;  and  (c)  serological  tests  for  the  presence  of  murine  virus 
Infections.  The  serological  tests  were  conducted  by  Microbiological  Associates 
In  Bethesda,  Maryland. 

As  Indicated  In  Table  3,  histopathological  examination  of  the  major  organs 
of  ten  animals  Indicated  that  all  organs  were  normal  In  appearance  except  the 
livers  of  two  animals  that  contained  occasional  lesions  typical  of  those  seen  In 
viral  hepatitis. 

Chemicals.  Chemical  analysis  of  these  lots  of  dyes  was  performed,  using 
high-  pressure  liquid  chromatography,  by  the  Lovelace  Inhalation  Toxicology 
Research  Institute,  Albuquerque,  New  Mexico,  which  also  was  performing  the  work 
under  a  project  order.  C.I.  Solvent  Yellow  33  was  tested  as  a  93.1%  pure  compound 
whereas  the  C.I.  Solvent  Green  3/C. I.  Solvent  Yellow  33  mixture  contained  these 
two  dyes  In  a  ratio  of  71%:24%,  respectively  (Table  4)  (2).  The  results 
demonstrated  that  the  C.I.  Solvent  Yellow  33  dye  has  one  major  Impurity, 
designated  Impurity  A  (Table  1).  The  dye  Is  very  homogeneous  In  composition. 
High-pressure  liquid  chromatography  of  the  C.I.  Solvent  Green  3/C. I.  Solvent 
Yellow  33  dye  mixture  Indicated  that  Impurity  A  was  also  the  major  Impurity  In  the 
mixture  (Table  2).  The  dye  mixture  appeared  to  be  homogeneous  In  composition. 
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Table  2.  Impurities  in  C.I.  Solvent  Green  3/C. I.  Solvent  Yellow  33  Dye  Mixture 


Weight  X 
(mean  +  SO)® 

p-Toluidine 

0.10  +  0.03 

Impurity  A 

0.70  +  0.04b 

Impurity  B 

0.09  +  O.Olb 

Impurity  C 

0.49  +  0.02b 

Quinaldine 

<  0.21 

Quinazarine 

<  0.05 

®  (weight  of  impurity  •»  weight  of  injected  dye)  x  100 

b  (area  of  impurity  peak  ^  sum  of  area  of  C.I.  Solvent  Yellow  33  and  C.I. 
Solvent  Green  3)  x  100 


1 


Organ 

No.  of 
Animals 

Morphol ogy 

Lung 

10 

Normal 

Liver 

10 

8  animals  had  normal -appearing 
livers.  2  animals  had  a  few 
lesions  similar  to  those  observed 
in  mice  with  viral  hepatitis. 

Kidneys 

10 

Normal 

Intestines, 

Stomach 

10 

Normal 

Spleen 

10 

Normal 

Heart 

10 

Normal 

Brain 

10 

Normal 

Salivary  and 
Endocrine  Glands 

10 

Normal 

Urinary  Bladder 


10 


Normal 
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Table  4.  Quantitation  of  C.I.  Solvent  Yellow  33  and  C.I.  Solvent  Green  3  in 
Dye  Sample 

_ Weight  %  (mean  +  SD) _ 


C.I.  Solvent 

C.I.  Solvent 

Dye 

Yellow  33 

Green  3 

Total 

C.I.  Solvent 

Yellow  33® 

93.1  +  1.3 

- 

93.1  + 

C.I.  Solvent  Green  3/ 
C.I.  Solvent  Yellow  33 
mixture*^ 

24.1  +  0.5 

70.9  +  1.1 

95.0  + 

®  n  =  5 
b  n  =  4 


- - - - - 


Both  compounds  were  supplied  by  the  U.S.  Army  Medical  Bioengineering 
Research  and  Development  Laboratory,  Fort  Detrick,  Frederick,  Maryland.  The 
chemicals  were  stored  at  4°C  in  the  dark. 

With  sterile  technique,  the  chemicals  were  administered  intraperitoneal ly 
(i.p.)  by  injection  as  0.1  ml/dose  in  tricaprylin  (glycerol  trioctanoate; 

Eastman  Kodak,  Rochester,  N.Y.).  Solutions  were  freshly  prepared  immediately 
before  administration.  Amber  colored  bottles  were  used  to  protect  the 
chemicals  fron  fluorescent  light. 

Preliminary  toxicology.  The  maximum  solubility  of  both  C.I.  Solvent  Yellow 
33  and  the  C.I.  Solvent  Green  3/C. I.  Solvent  Yellow  33  mixture  in  tricaprylin  is 
5  mg/ml.  Six  repeated  i.p.  injections  of  both  dyes  at  a  concentration  of  0.5 
mg/mouse/injection  (25  mg/kg)  during  a  two  week  period  did  not  result  in 
mortality  or  weight  loss  of  any  of  the  treated  animals.  Therefore,  the  MTD  for 
the  bioassay  was  25  mg/kg. 

Bioassays.  C.I.  Solvent  Yellow  33  and  the  C.I.  Solvent  Green  3/C. I. 

Solvent  Yellow  33  mixture  were  tested  at  three  dose  levels:  the  MTD,  0.5  MTD 
and  0.2  MTD,  with  50  mice  (25  males  and  25  females)  per  dose.  The  groups  were 
injected  thrice  weekly  for  eight  weeks  for  a  total  of  24  administrations. 

Control  groups  consisted  of  untreated,  vehicle  (tricapryl in)-treated,  and 
urethan-treated  mice.  Urethan  is  the  reference  carcinogen  in  the  lung  tumor 
bioassay  and,  historically,  the  response  to  urethan  has  been  approximately  1 
tumor/mg  dose  (3,4 ,5 ,6). 

Mice  given  the  two  test  compounds  were  killed  by  cervical  dislocation  30 
weeks  after  initiation  of  the  bioassay.  The  lungs  were  removed  and  fixed  for  48 
hr  in  70%  ethanol  containing  5%  glacial  acetic  acid  and  5%  formaldehyde.  Lung 
tumors,  which  appeared  as  pearly-white  nodules  on  the  surface  of  the  lung  (3,4) 
were  counted  and  randomly  sampled  for  histological  evaluation  and  confirmation 
of  adenoma.  Duplicate  tumor  counts  were  obtained  by  two  technicians  working 
independently.  In  addition,  the  liver,  kidneys,  spleen,  intestines,  thymus, 
stomach,  and  the  salivary  and  endocrine  glands  were  examined  grossly.  If  gross 
lesions  were  observed,  they  were  examined  histologically  for  the  presence  of 
neoplasms. 

The  tumor  incidence  (i.e.,  the  percentage  of  mice  that  developed  lung 
tumors)  was  compared  between  dye-treated  and  control  animals  by  Chi  square 
analysis.  The  tumor  multiplicity  (i.e.,  the  number  of  lung  tumors  per  mouse) 
was  compared  between  dye-treated  and  control  animals  by  analysis  of  variance 
(ANOVA). 


RESULTS 

Toxic  effects.  The  MTD  for  both  C.I.  Solvent  Yellow  33  and  the  C.I. 
Solvent  Green  3/C. I.  Solvent  Yellow  33  mixture  was  25  mg/kg.  During  the 
chronic  bioassay,  10%  of  the  mice  that  were  treated  with  the  MTD  of  the  C.I. 
Solvent  Yellow  33,  and  26%  of  the  animals  that  received  the  MTD  of  the  C.I. 
Solvent  Green  3/C. I.  Solvent  Yellow  33  mixture,  died. 
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The  probable  reason  for  the  mortality  among  mice  treated  with  either 
compound  was  the  development  of  peritonitis  in  the  peritoneal  cavity  of  the 
treated  mice.  The  peritonitis  may  have  been  caused  by  the  accumulation  of 
dye(s)  in  the  peritoneal  cavity,  and  the  ensuing  generalized  inflammatory 
response. 

Lung  tumor  response.  Table  5  presents  results  on  the  occurrence  of  lung 
adenomas  in  untreated,  vehicle-treated  and  urethan-treated  A/J  mice.  In  all 
groups,  the  percentage  of  animals  with  lung  tumors  and  the  average  number  of 
lung  tumors  per  mouse  in  male  mice  were  not  significantly  different  (p>0.05) 
from  those  in  females.  Data  from  untreated  mice  represent  the  "spontaneous" 
occurrence  of  lung  tumors  and  are  in  agreement  with  earlier  results  on  strain  A 
mice  of  the  same  age  (3,4, 5, 6).  The  tumor  responses  in  mice  administered  i.p. 
tricaprylin  were  lower  than  in  untreated  mice  of  the  same  sex,  but  the 
differences  were  not  significant  (p  >0.05).  Therefore,  the  occurrence  of  lung 
tumors  was  not  affected  by  the  injections  of  vehicle.  The  tumor  response  to 
urethan  was  dose-related  with  approximately  1  tumor  per  mg  dose.  This  response 
is  in  close  agreement  with  previous  results  on  the  lung  tumor  response  of 
strain  A  mice  to  this  reference  carcinogen  (3,4, 5, 6). 

Data  obtained  from  bioassays  of  the  two  compounds,  C.I.  Solvent  Yellow  33 
and  the  C.I.  Solvent  Green  3/C. I.  Solvent  Yellow  33  mixture,  are  summarized  in 
Table  6.  Chi  square  analysis  of  the  data  on  tumor  incidence  (i.e.,  the 
percentage  of  mice  that  had  lung  tumors)  showed  that  none  of  the  dye-treated 
groups  had  a  significantly  higher  incidence  of  tumors  than  the  tricaprylin  or 
untreated  controls.  Therefore,  administration  of  the  dyes  had  no  effect  on  the 
likelihood  of  the  mice  to  develop  tumors.  In  addition,  analysis  of  variance 
(ANOVA)  indicated  that  the  number  of  lung  tumors  per  mouse  in  dye-treated  mice 
was  not  significantly  higher  than  in  controls. 

Lesions  in  other  organs.  The  only  neoplasm  other  than  the  lung  adenomas 
observed  at  necropsy  was  a  salivary  gland  tumor  in  an  untreated  animal. 

Salivary  gland  tumors  are  common  in  strain  A  mice  (3);  therefore,  the  presence 
of  this  tumor  was  not  an  unusual  finding. 


CONCLUSION 

Based  on  the  results  of  the  assays,  C.I.  Solvent  Yellow  33  and  the  C.I.  Solvent 
Green  3/C. I.  Solvent  Yellow  33  mixture  are  non-carcinogenic  by  the  criterion  of 
lung  tumor  induction  in  strain  A/J  mice.  However,  higher  doses  of  either 
compound  may  have  produced  tumors.  In  addition,  a  negative  response  for  lung 
tumor  induction  in  strain  A  mice  does  not  preclude  the  possibility  of  a 
carcinogenic  response  in  another  bioassay  system. 


Table  5.  Lung  Tumor  Response  in  Untreated,  Vehicle-Treated  and  Urethan-Treated  A/J  Mice 
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Meeks  for  a  total  of  24  administrations 
‘^Values  are  mean  +  standard  error. 
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